Introduction {#s0001}
============

Ceftobiprole is a relatively novel fifth-generation cephalosporin with in vitro activity against both Gram-positive and Gram-negative bacteria, including methicillin-resistant *Staphylococcus aureus* (MRSA).[@cit0001],[@cit0002] Since its approval for the treatment of adult community-acquired pneumonia (CAP) and hospital-acquired pneumonia (HAP) in Europe,[@cit0001] more reports have emerged about using Ceftobiprole for different indications, including infective endocarditis.[@cit0003] Furthermore, an ongoing phase three trial compares it to daptomycin for the treatment of MRSA bacteremia.[@cit0004]

MRSA bacteremia has been shown to result in significant morbidity and mortality, with an estimated 30-day all-cause mortality rate of 20%.[@cit0005] While MRSA epidemiology in the Middle East is variable, the overall estimation of the prevalence of MRSA in Saudi Arabia (KSA) was 35.6% from a pooled estimation of 22,793 *S. aureus* strains from 2002 to 2012.[@cit0006] Thus, MRSA is a relatively common infection in regions including the Middle East, with limited treatment options. In this article, we are reporting our experience in using Ceftobiprole as an alternative option for MRSA bacteremia treatment.

Patients and Methods {#s0002}
====================

We included patients who received Ceftobiprole for more than 72 hours and have MRSA bacteremia. From January 2017 to December 2019, there was a total of six patients in our case series. The clinical and demographic data of eligible patients were obtained from electronic medical records using our local health information system (Best Care). Methicillin-resistant *Staphylococcus aureus* clinical isolates and their susceptibility results were identified using the routine microbiological methods applied in the microbiology laboratories using the automated machine VITEK 2. We evaluated clinical success based on microbiological clearance (whenever repeated cultures were available), clinical resolution of signs and symptoms of infection, and 30-day in-hospital survival after initiation of Ceftobiprole treatment. The study was approved by the Institutional Review Board (IRB) in King Abdullah International Medical Research Center (KAIMRC) (Protocol number RC20/152/R).

Results {#s0003}
=======

The six patients' descriptions are listed in [Table 1](#t0001){ref-type="table"}. All the cases were male with a mean age of 52 years. The mean duration of treatment using Ceftobiprole was 31 days. In two cases, Ceftobiprole was used as the initial combination therapy, while in others, it was used as the salvage therapy. Most patients had comorbidities, but there were no intravenous drug users among them. Four out of the six patients required ICU admission. There were two cases of bacteremia related to osteomyelitis, one case related to endocarditis, one central line-associated bacteremia (CLABSI) case, one skin and soft tissue infection (SSTI) secondary to a burn, and one case of pneumonia. The MIC for vancomycin was one or less, except in one case, while susceptibility for Ceftobiprole was tested in two cases and was sensitive in both (the minimum inhibitory concentration (MIC) was less than 2).Table 1Descriptions of the CasesYearAge (Gender)Underlying ConditionClinical SyndromePrior TherapyReason for SwitchDuration of CeftobiproleConcomitant AbxICUClinical Outcome\*Microbiological Outcome\*30 Days Mortality201918 Y (M)Large B cell LymphomaCLABSIVancomycin 5 daysCombination24 daysVancomycinNoImprovedClearedAlive\*\*201979 Y (M)CHF, ParaplegicVertebral osteomyelitisVancomycin 4 daysCombination24 daysVancomycinYesImprovedClearedAlive201817 Y (M)BurnSSTI/BurnVancomycin 7 daysConcomitant infections30 daysOther Gram-negative coverageYesImprovedClearedAlive201874 Y (M)Ischemic heart diseases, DM, HTNEndocarditisVancomycin 7 days → Vancomycin +Daptomycin 21 daysToxicity related to Daptomycin76 daysNoYesImprovedClearedAlive\*\*201971 Y (M)Bedridden, dementiaDiabetic foot osteomyelitis/cellulitisVancomycin 7 days → Daptomycin 5 daysFailure of prior therapy16 daysVancomycinYesImprovedClearedAlive\*\*201955 Y (M)DM, HTNPneumoniaVancomycin 14 daysFailure of prior therapy16 daysNoNoImprovedClearedAlive[^2][^3]

Vancomycin was used in all the cases, whether concomitantly with ceftobiprole or prior to its use. Ceftobiprole used in combination with vancomycin in four cases and there were no reported side effects of the drug or safety concerns.

The following section contains summaries of all the cases.

Case 1 {#s0003-s2001}
------

An 18-year-old male was diagnosed with large B cell lymphoma. He was evaluated by infectious disease specialists for febrile neutropenia, after receiving the fifth cycle of chemotherapy. He was started on vancomycin on the first day of fever in addition to meropenem (for Gram-negative coverage). Blood culture grew MRSA (vancomycin MIC \< 0.5) on the second day of fever and persisted for three days, which was judged to be related to CLABSI and exit site infection. The central line was removed on the same day of obtaining the culture result. Although the bacteremia cleared, the fever persisted and the patient was still neutropenic. Therefore, Ceftobiprole was combined with vancomycin on the fifth day of fever and both drugs were continued for 21 days. In the same neutropenic episode, his chest CT scan showed multiple lung lesions that were likely invasive pulmonary aspergillosis (IPA). Amphotericin B liposomal was started and the repeated radiological exam after two weeks showed complete resolution. Importantly, the transesophageal echocardiography (TEE) was negative for endocarditis. Clinically, the fever defervesced after four days of adding Ceftobiprole and on day 14, the patient was well with no signs or symptoms of infection.

Case 2 {#s0003-s2002}
------

The patient was a 79-year-old male with comorbidities of diabetes, heart failure, and paraplegia after road traffic accidents. He was brought to the emergency room (ER) because of fever and back pain. Blood culture grew MRSA (vancomycin MIC 1) and a spinal MRI scan showed spondylodiscitis of L3--4 and early osteomyelitis with abscess of dimensions 4.6 x 4.1 x 2 cm. He was initially started on vancomycin and Ceftobiprole was added after four days. Bacteremia cleared on day three of admission. No surgical intervention was done for the patient as attempting abscess aspiration under interventional radiology failed.

The patient had good clinical outcomes and further, radiological imaging after four weeks showed near resolution of the collection and improvement in the finding of spondylodiscitis. Although Ceftobiprole was continued for 24 days, vancomycin administration was stopped after five weeks due to worsening renal function. It was replaced by doxycycline for four more weeks. He was discharged after two months of admission in a stable clinical condition.

Case 3 {#s0003-s2003}
------

A 17-year-old male, medically free, was transferred from another hospital as a case of second-degree flame burns (70--80%) with mixed deep and partial thickness that had occurred two months prior. Upon initial assessment, the patient was febrile. Blood culture from the central venous catheter grew methicillin-resistant *Staphylococcus aureus* (vancomycin MIC 1), Klebsiella pneumonia, and Pseudomonas aeruginosa. Blood culture remained positive for MRSA for a further four days and MRSA also grew from the infected burn tissue cultures, but not from respiratory samples. Empirically, he was on vancomycin for seven days. Subsequently, the treatment with Ceftobiprole with other Gram-negative coverage was started. The patient stayed in the hospital for around four months as he had a complicated course with multiple infections, including pneumonia and skin soft tissue infections. Multiple debridements along with skin grafts for bilateral upper and lower limbs and anterior and posterior trunks were done as source control. Ceftobiprole was continued for a total of 30 days with evidence of microbiological resolution of MRSA. At the time of discharge, his wounds had healed very well, and he was discharged in good condition.

Case 4 {#s0003-s2004}
------

A 74-year-old man who was known to have multiple comorbidities including ischemic heart diseases, uncontrolled diabetes mellitus and end-stage renal disease was admitted. He presented to the emergency department complaining of chills and rigors. Several blood cultures grew MRSA (vancomycin MIC 0.75) and a diagnosis of infective endocarditis was made based on the echocardiography findings that showed large vegetation in the mitral valve.

He was initially started on vancomycin monotherapy for a week. Although repeated blood cultures were all negative, daptomycin was added to vancomycin on day seven. The patient underwent mitral valve excision, radical debridement, and mitral valve tissue repair in the fourth week of his admission. A few days after surgery, the patient had QT interval prolongation that was attributed to daptomycin and a decision was made to stop the current regimen and start Ceftobiprole as monotherapy. The administration of Ceftobiprole was continued for 76 days. His course following the surgery was complicated with hospital-acquired infections, including hospital acquired pneumonia. Nevertheless, subsequent echocardiogram, including Transesophageal echocardiography (TEE), was negative for endocarditis and no positive microbiological culture was noted for MRSA.

Case 5 {#s0003-s2005}
------

A 71-year-old male patient with diabetes, hypertension, Chronic obstructive pulmonary disease (COPD), post right above-knee amputation, and vascular dementia was admitted. He presented to the hospital with fever and SOB for three days. His blood culture grew MRSA (vancomycin MIC 1.5) that was secondary to cellulitis and osteomyelitis. A left foot MRI scan confirmed osteomyelitis that involved the forefoot and distal end of tibia and fibula with multiple pockets of fluid collection. Empirically, upon admission, vancomycin and meropenem were started. However, because of the persistence of positive blood culture with MRSA on day seven, vancomycin was replaced with daptomycin. There was no source control achieved for the patient as the aspiration of the collection failed. On day 12 of admission, his blood culture remained positive after five days of being on daptomycin. Therefore, Ceftobiprole was started in combination with vancomycin. Blood culture sterilized after two days on the new combination. To rule out the possibility of endocarditis, TEE was conducted that was negative. There was a good clinical response to the combination of Ceftobiprole and vancomycin that was continued for 16 days. Further, vancomycin was continued by itself for a total of six weeks, with a good clinical outcome.

Case 6 {#s0003-s2006}
------

A 55-year-old male patient, known to have diabetes, hypertension, and depression presented to the hospital with abdominal pain and vomiting. The blood culture grew MRSA (vancomycin MIC 0.38), with chest X-ray findings compatible with pneumonia. Empirically, the patient was started on piperacillin-tazobactam and vancomycin.

Although the repeated blood culture on the third day of admission was negative, he continued to be febrile till day 10. The chest computerized tomography (CT) scan was repeated on day 14 and showed interval development of cavitary lesion in the upper right lobe. Based on the failure of vancomycin with the progression of the disease, the drug was changed to Ceftobiprole.

He received Ceftobiprole for 16 days with a good clinical response and the next chest CT scan showed resolution of the cavitary lesion two weeks from starting Ceftobiprole. He was discharged following a chest CT scan after one day in a stable condition to continue on oral doxycycline for one week.

Discussion {#s0004}
==========

MRSA infections represent a common medical challenge with serious complications and higher mortality compared to other bacterial infections. In 2017, the United States reported an estimated 120,000 cases of *Staphylococcus aureus* bacteremia resulting in 20,000 deaths.[@cit0007] In this study, we present our experience with Ceftobiprole for MRSA bacteremia with various infectious syndromes. In our cohort, all the cases had a favorable 14-day outcome, both microbiological and clinical. Three patients died after a few months due to different reasons, unrelated to the MRSA infection.

Different antibiotics were used in our series. However, vancomycin was used in all the cases initially (congruent with the guideline recommendations as the standard of care therapy), but some changes were made later due to clinical or microbiological reasons. Although there is no specific recommendation for combination therapy in the guideline,[@cit0008] several trials attempted to answer the question of whether combination therapy would improve MRSA bacteremia's outcome. The recent CAMERA2 trial that included 352 patients failed to prove the superiority of the combination of standard of care with antistaphylococcal β-lactam (flucloxacillin, cloxacillin, or cefazolin) and the trial was stopped early because of side effects in the combination arm.[@cit0009] However, there is still ample evidence that beta-lactam combination therapy is synergistic in killing *S. aureus*,[@cit0010]--[@cit0012] including the results of a randomized clinical trial for the treatment of bacteremia.[@cit0013] Thus, it is worth exploring these possibilities in greater detail, especially in cases that are difficult to treat.

Concerning Ceftobiprole, studies in animal models have demonstrated the potency of Ceftobiprole and its superiority to vancomycin, daptomycin, and linezolid against infective endocarditis caused by *S. aureus*.[@cit0014] Therefore, the result of the ongoing phase three trial for ceftobiprole for MRSA bacteremia will add to our knowledge regarding the efficacy of this treatment option.[@cit0004]

Interestingly, our series included a patient with febrile neutropenia who had a good response in a short period, although the failure rate of MRSA bacteremia in patients with cancer was reported to be as high as 52%.[@cit0015] Further, the positive response in the endocarditis case is in line with the good outcome reported in Tascini et al study where the cure rate was 83% (10/12 patients); however, only three cases had MRSA pathogens in that study and the combination was with daptomycin in 11 of the cases.[@cit0003]

The debate on whether a higher vancomycin MIC is associated with the failure of therapy is still ongoing owing to the conflicting and inconsistent data reporting the outcome with high MIC.[@cit0016]--[@cit0021] Nevertheless, we encountered only one case with a slightly high MIC, where the vancomycin therapy failed. However, it will be difficult to attribute the failure only to the drug because there was a lack of source control.

Our case series will help in managing difficult cases with MRSA bacteremia when there are not many options, but it will not add significantly to current practice. Given the fact of the small number of and heterogeneity in our cases, a larger cohort and well-designed trial may be of great help in answering these questions. Finally, the retrospective chart review may be considered a major drawback in this study, due to the possibility of bias and missing essential data.

Conclusion {#s0005}
==========

In conclusion, the addition of anti-MRSA Cephalosporin (ie, Ceftobiprole) showed promising results and an excellent clinical outcome in the treatment of MRSA bacteremia, even in the case of endocarditis and an immunocompromised patient. Further studies are needed to understand the optimal therapeutic options for MRSA bacteremia and the advantage of antibiotic combinations.

Ethics and Consent {#s0006}
==================

The study was approved by the Institutional Review Board (IRB) in King Abdullah International Medical Research Center (KAIMRC) (Protocol number RC20/152/R). Written informed consent has been provided by the patients themselves\* (except the patients who died, next of kin for the patient provided the informed consent). \*The patient of case 3, he had MRSA bacteremia in 2018. However, at the time of consent, he was 18 years and he signed the consent by himself.

\*The patient of case 3, he had MRSA bacteremia in 2018. However, at the time of consent, he was 18 years and he signed the consent by himself.
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[^1]: Doctor Adel Al Othman passed away on June 8, 2020

[^2]: **Notes:** \*At 14 days of starting Ceftobiprole. \*\*Died later after 6, 7, 3 months respectively.

[^3]: **Abbreviations:** M, male; ICU, intensive care unit admission; CLABSI, central line-associated bloodstream infection; CHF, congestive heart failure; SSTI, skin and soft tissue infections; DM, diabetes mellitus; HTN, hypertension.
